The conversion of forested areas to non-forest land was a series problem in study area of Goba district. The objectives of this study were to assess the trends, causes and effects of deforestation in Goba district, Bale zone, Ethiopia. Descriptive research method was employed to achieve these stated objectives. Satellite image of the three times and socio-economic survey were the main data sources for this study. ERDAS imagine 9.2 and ArcGIS 10 tools were applied for land use and land cover type classification, and analysis and mapping. These land use land and over change data were obtained from USGS. Socio-economic data collected through questionnaires, focus group discussions and interviews on the causes and impacts of land use and land cover change were analyzed quantitatively using SPSS software and content analysis for qualitative data. These analyzed data were expressed in percent and in words. The result shows that there was variation in the extent of land use and land cover change among different categories/classes at different study periods. Open area and Bush land showed decreasing change during first period of comparison and increasing change in the second period of comparison. In contrast, agricultural area, Bale temperate vegetation and built up area showed increasing. Built up area, agricultural area and Bale temperate vegetation increased by 80.05, 15.84, and 7.40 percent respectively, however, open area, grassland, forest land and bush land decreased by 1.58, 1.21, 0.97, and 0.28 percent per year for the last 29 years respectively. In general, in study district forest cover was 50.87% of the total area in 1986 and decreased to 36.57% in 2015 whereas agricultural area was increased from 3.45% to 19.28% respectively. This implies an increasing agricultural area at the expense of other land use cover categories, particularly natural forest. The study indicated that increasing population, forest fire and fuel wood consumption, overgrazing, and agriculture and settlement expansion and road construction caused forest cover change in the district. A decrease in livelihood incomes, volume of the surface water and in contrary increase in rain fall and temperature variability and forest product costs were among the major observed effects of deforestation in study area. Based on these findings, the study recommends the need to introduce and develop agricultural extension services, alternative energy sources and awareness raising services to the study area.
Introduction
The world's forests provide a great service and benefits to our ecosystems. It provides foundations for life on earth through ecological functions by regulating the climate, water and soil resources and also by serving as habitats for plants and animals [1] . Moreover, it also provides a variety of essential goods for domestic and export markets [2] . Similarly, forests are also used for recreation, tourism and other local opportunities [3] . However, deforestation, on the other hand, is a form of environmental degradation which involves the conversion of forest to non-forest areas; the degradation that reduces forest quality in terms of the density and structure of the trees: the ecological services supplies, the biomass of plants and animals, the species diversity and the genetic diversity [4] .
The current environmental challenge of the world is the result of decline in forest cover at alarming rate. According to [5] about 16 million hectares of world forest were deforested in 1990s and about 13 million hectares of the world's forest were lost due to deforestation per annum from 2000 to 2010. [4] report indicated that global forest coverage from 1990 to 2000 decreased by 0.22% and from 2000 to 2005 decreased by 0.18% per year. [6] pointed out that about 11.4 million hectares of tropical forests were disappeared annually in the 1980s and 17.20 million hectares per year in the 1990s.
Ethiopia is one of the Sub-Saharan African countries endowed with rich biodiversity, good water resource potential and natural resources. However, the rate of destruction of forests in the country is high [7] . According to [5] Ethiopia's forest cover was 15.11 million hectares in 1990 and declined to 12.2 million hectares in 2010 which resulted in a loss of 2.65% of forest cover due to deforestation. Between 1990 and 2010, the country lost on average about 140,900 ha or 0.93% per year and totally between 1990 and 2010, Ethiopia had been lost 8.6% or around 2,818,000 hectares of its forest covers [5] despite relative increasing coverage currently. Bale eco-region is one of the biodiversity hotspot sites in the country. However the average annual deforestation rate of this eco-region was 3.44% between 2001 and 2009 which ranges from 1% to 8% [8] . Other preliminary study by [9] has shown that between 2000 and 2011 the Bale Mountain eco-region project area experienced annual deforestation that ranges from 1.1% to 6.6%, and the entire eco-region has an average deforestation rate of 3.7%. The study Goba district is one part of Bale eco-region area experiencing deforestation.
Field observation and experience of the area show that there has been high rate of deforestation and its associated effects (socio-economic and environmental impacts) have becoming a threaten issues in study district. However, detailed study about extents, trends, causes and effects of deforestation at district level is very limited. Understanding up to date information on the extent and trends of deforestation and identifying causes and its environmental and socio-economic implication are essential to design strategic plan that ensure sustainable utilization of forest resources. Therefore, the aim of this study is to investigate the extent and trends of deforestation and the causes and its subsequent effects in order to suggest sustainable use and management of forest resources that could improve the quality of ecosystem and local livelihoods. Remote sensing and GIS technologies are essential to provide forest information for government and civil society in time and in cost effective way. Thus, these technologies were applied for land use land cover type changes analysis and mapping whereas socio-economic survey was used in identifying the driving forces and its subsequent environmental and socio-economic aspects. The specific objectives of the study were: 1) To assess the spatio-temporal trend, rate and map out the extent of deforestation in 1986, 2000 and 2015 in Goba district of Bale zone; 2) To identify the causes of deforestation; 3) To identify the socio-economic and environmental effects of deforestation in Goba district.
Methods and Materials

Description of the Study Area
Goba district is one of the districts in Bale zone, Oromia Regional State of Ethiopia. It lies between 5˚57'30''N to 7˚12'00''N latitude and 39˚35'00''E to 40˚15'00''E longitude. The altitude of the study area ranges from 2400 to 4377 masl. It has a total area of 1,674 km 2 . It is found at the distance of 445 km from Addis Ababa the capital city of Ethiopia (Figure 1 ).
Goba district is highland area characterized by various mountain ranges, plains, rugged and gorges. Accordingly, the land configuration of the district accounts about 45% plain, 18% mountains, and 37% rugged and gorges [10] .
This varied topography has attributed to the prevalence of varied microclimate of an area. As the result the district is characterized by a great temperature variation with altitude. The monthly temperature ranges from minimum 4˚C to a maximum of 25˚C. Goba district experiences two rainy seasons of summer and spring (Bimodal rainfall). The mean annual rainfall vary from 900 mm in lowlands to 1400 mm in highlands (Robe Metrological Station, 2015). These diverse landscapes provide possibilities of producing a variety of crops [10] .
Agriculture is the back bone of the economy and provides means of occupation for almost all populations in the district. The district has two major cropping seasons namely summer (Maher) and spring (Belg). Cereals, horse beans, field beans and lentils are important crops grown. In addition different vegetables and oil seeds are grown in the district. Agriculture is dominantly practiced together with animal rearing. Agricultural productivity is constrained by population pressures, limited knowledge about modern technology, cost returns and risks and lack of infrastructure especially road which help the farmers to sell their own products to markets [10] .
Research Methods
Descriptive research is used to describe the necessary information concerning or conditions in a situation obtained [11] . Therefore, descriptive research method was employed to address all issues in the objectives of research. Satellite images were used to assess trends and extent of land use and land cover changes whereas socio-economic data were collected from selected households, elders, experts of land administration and environmental protection office and agriculture and rural development offices and members of the community of district to identify the driving forces and its subsequent socio-economic and environmental effects of deforestation (Table 1) . Additionally analysis of satellite image and field visit was included in the study. During field survey seventy three ground truth data were collected randomly using Garmin GPS 72H for the supervised image classification from the study area.
Based on the existing problems five kebeles/villages were purposely selected from the total 15 kebeles in the Goba district. These selected kebeles were She- 
Procedures of RS Data Processing
Image preprocessing such as image rectification (involve radiometric and geometric Correction), image enhancement (to increase visual distinction), and image registration was done in order improve the quality of the data and registration to the exact UTM37 position.
Image classification was categorized using supervised classification. Supervised classification is useful when ground truth data of an area is available and was adopted for this study. During field visit the various land use land cover classes were taken by systematic sampling using GARMIN 72 GPS devise. 73 samples were used to represent the identified land use land cover types. The satellite images were classified in to seven land use and land cover types using 
Land Cover and Land Use Classes and Definitions
Based on [14] classification, the satellite images and ground truth for the recent image, the land use land cover classes analyzed for changes were: agricultural land, grass land, forest land, Bale temperate vegetation, open area, bush land and built up area (Table 2 ). "Forest" is a minimum area of land of 0.05 -1.0 hectare with tree crown cover (or equivalent stocking level) of more than 10 -30 per cent with trees with the potential to reach a minimum height of 2 -5 meters at maturity in situ.
Bale temperate vegetation
The species that cannot be included/categories under shrub or grass like Hellicrasiem.
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Open area Bare land is Vacant land that has no buildings on it, no vegetation cover and no crop cultivation and is not being used.
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Bush land In reference to the landscape, "bush" refers to any sparsely-inhabited region, regardless of vegetation. (2000) and Land Sat ETM+ (2015) satellite imageries with their 30m resolution for each year were used to estimate trends and extents of changes. The accuracy was essentially a measure of how many ground truth pixels were classified correctly. The kappa value is a measure of the agreement between classification and reference data with the agreement due to chance removed. [15] ranked the kappa values, ranging from −1 to 1, into 3 groups: 1) those greater than 0.80 represented strong agreement between the classification and reference data; 2) those between 0.40 and 0.80 represented moderate agreement; and 3) those less than 0.40 represented poor agreement. The Kappa coefficient lies typically on a scale between 0 and 1, where the latter indicates complete agreement, and is often multiplied by 100 to give a percentage measure of classification accuracy. In this study, the accuracy assessment of LU/LC classification was done for 1986, 2000 and 2015 (Tables 3-5 ). The overall classification accuracy the study area 87% and the overall kappa statistics was 0.8562 represents a probable 85% better accuracy than if the classification resulted from a random assignment (Table 6 ). The result obtained in this study fits to the view of [13] who stated the minimum level of accuracy in the identification of land use/land cover categories from remote sensor data should be at least 85%. Therefore, the classification accuracy of the study meets this requirement.
Socio-economic data collected through questionnaire and interview were coded so as to simplify further tasks. The scores were summarized from the sheet and made ready for analysis. After that, it was analyzed using both qualitative and quantitative techniques. For interview questions, it was analyzed using 
Results and Discussion
Land Use Land Cover Classification for 1986, 2000 and 2015
The study area has identified seven land use land cover categories, which were: (Table 7) . Most portion of the land use land cover class was forest land during this period and however, the percentage of forest coverage had been decreased compared to the former two periods. grasslands and forest land had been negative, there had also been forest conversion to agricultural area and built up area in this period. Therefore, the removal of forest land to expand cultivation and cutting of trees for different purposed had been the most important scenario worthy of considering in this particular period. In this period, expansion of farmlands and intense deforestation were directly linked to population growth within that period. Rise in human population in this period had in turn been the result to get additional land for cultivation and settlement through forest clearance. On the other hand, the forest had been the source of wood for construction and other domestic uses like fuel.
In the second period from 2000-2015 (Table 8) Table 9 and Table 10 . Based on the change detection matrix parts of the forest lands were continuously cleared to expand agricultural and built areas.
Trend and Rate of Forest Cover Change for 1986 to 2000 and 2000 to 2015
The trend and rate of forest cover change has been done to make it possible to visualize and analyze the spatial pattern of change, which would help to identify the various factors that cause forest loss, to determine their relative importance and effect for the successive analysis and for the formulation management strategy. It also highlights the seriousness of the forest cover change dynamics which strengthens the need for protected forest cover establishment by using remote sensing and GIS techniques with the integration of field survey. The percentage share (relative to the total of study area) for each year forest cover value and with its trend indicate that in the year 1986, 51.558% of the study area was covered with forest resources, while it was increased to 53.258% in 2000 and this was again decline to 37.063% in the year 2015 Figure 3 and Table 11. 
Changes Detected by NDVI Differencing
Causes of Deforestation
Data gathered through questionnaires on respondents view on deforestation causes and its effect on rural livelihoods was analyzed using simple descriptive statistical techniques such as percentage and frequency. Majority (92%) of the respondents interviewed stated that the total population of the district has been increasing over years (Table 13 ). The point in case is that the population density of study district was increased from 23.60 to 26.25 person/km 2 between the years 1986 and 2015 and thus adversely affected forest resources in the study area.
This is because increased population demands extra land for food, settlement;
forest Wood for construction, for fire wood consumption as well as for other various forest products. For instance, agricultural land was increased by 19.543% between 1986 and 2015 at the expense of forest ( Table 7) . As interviewed office expert told, the average per capital consumption rates of fuel wood in Goba dis- Most respondents (90%) were agreed to the perception that road construction and forest fires were also another causes of deforestation in the study area. The points in case are constructed road from Gobat town to Delo Mena town and forest fire in 2000 and 2014 that destroyed many areas (Table 13 and Figure 5 and Figure 6 (a) and Figure 6(b) ). Respondents have agreed with the opinion that settlement expansion, overgrazing and fuel wood collection were another causes of deforestation in the study area (Table 13 and Figure 7) .
Similarly, the information collected from local people through focus group discussion was evident that cutting trees for the demand of constructional material, for agricultural purposes due to the lack of enough farming land and income generation purposes was considered as the causes of deforestation in the area. In the forest blocks of Goba district, namely Fasil Angasso, Shedam, Adaba
Gafaca and Wajitu Shabe kebeles were where high amount of deforestation was recorded. Whereas in Rira kebele the extent of deforestation was low due to high level of awareness of the community the importance of conserving forest resource. This research finding is in line with other research conducted in Ethiopia. For instance, [16] stated that the increasing demand for croplands, grazing land, construction and fuel wood including charcoal production are the main reason for the forest cover change in Ethiopia.
Major Effects of Deforestation on Local Environment and Livelihoods
It is revealed that the majority (95.84%) of the respondents agreed that deforestation has directly affected their livelihood incomes (Table 14) . Because the diverse ecosystem services/benefits it provides to local communities, surrounding villages and towns has reduced. One of these effects was a scarcity of firewood and construction materials. As a result of this community was forced to travel long distance to get it. In addition to this, the increased cost of fire wood was challenging the living conditions of, especially low income households. For instance, the price of one bundle firewood before 20 years was 3 to 5 birr but in 2015 its cost was increased to 80 or 90 birr (Interview, 2015) . This is in line with the finding of [17] and [18] that pointed out deforestation and its effects on local livelihoods income.
The LULC dynamic significantly modifies the hydrological aspect of the watersheds, affecting water resources and the environment on a local and global scale [19] . This change of the LULC pattern, such as deforestation and subsequent cultivation, could reduce the infiltration rate and percolation of rainwater to recharge streams, springs, and underground water. In line with this majority of the respondents (98.05%) agreed that the destruction of forest resource for various purposes has resulted the declining/decreasing of surface water volume over time. The source from interview and focus group discussion indicated that more than 40 spring and streams rise from this district high lands and join with five basic rivers namely Wabe shebele, Genale, welmel, Dumel and Weib. This water resource from this watershed/high land is serving more than 12,000 million people in downstream. However, information obtained from interviews with focus groups, and elders confirmed that the volume of water from these streams and rivers and their flow patterns have decreased over time.
As indicated in Table 14 perceived by Local land users, sheet erosion was the most common form of soil erosion in the cultivated lands of the study district. This soil erosion has been a significant contributor to the worsening of soil fertility in their area.
Conclusions
The study was carried out in Goba district of south eastern Ethiopia. The aim of the study was designed to quantify the trend and to identify the cause and effect of deforestation in the study area using integrated techniques of GIS and remote sensing. The study showed that there was variation in trends and extent of change in land use and land cover types during the two study periods: 1986 to 2000 and 2000 to 2015. During these analysis periods while forest land and grass land were constantly decreased in contrary Bale temperate vegetation, Agricultural area, Open area and Built-up area were constantly increased. In these three study periods while forest land was decreased about 37%, agricultural land was increased by 19%. The increase of agricultural land in 1986, 2000 and 2015 has been due to population increment. Population increment, road constructions, forest fires, settlement expansion, overgrazing, fuel wood, urbanization and mining were community identified driving forces of land use and land cover change in Goba district. Decrease in local livelihood incomes, decrease surface water volume, increase local temperature and variability of rainfall, high erosion prevalence, high loss of habitat of animals and plants increase of forest products price (i.e. fire wood, timber etc.) were the result land use and land cover change, specially natural forest. To minimize deforestation in the district, the respondents pointed out that all forest frontier forest parts should be communally involved in planning, management and profit sharing. Community participation in forest ownership and management needs to be encouraged with restrictions on extraction and conversion. Moreover, effective implementation, mitigation strategies should involve active stakeholder participation, development of management plans, monitoring 
Recommendations
This finding indicated that the forest cover land of Goba district was declined and its effects on local livelihoods and environment were serious. To protect the forest resources from further depletion and to use on a sustainable basis, the following feasible recommendation was made.  Raising the carrying capacity of the study area through livelihood diversification and agricultural intensification minimizes the pressure on the remaining forest resources of the study area.  Furthermore, uncontrolled overgrazing was leading to different types of ecological problems such as de-vegetation and soil erosion. So that, an intensive livestock rearing has to be encouraged.  Most of the house hold in the district depends on fire wood for energy consumption. It was one major cause of natural forest destruction in this area.
Therefore, the study area population should be encouraged to use alternative energy sources such as fuel efficient stoves, solar energy, and other alternative sources to increase efficiency and sustainability of forest resources.  Conserving and increasing forest cover of the study area by planting various types of indigenous vegetation and other plantation of tree species with a workable afforestation and reforestation programs.  To protect the forest resources from further destruction and address negative impacts of deforestation awareness creation at all levels and specifically among the farmers dwelling along the margin and inside the forest areas should be developed in an organized way.  Improving and reconsidering the implementation of policies, proclamations, guidelines and regulations and other legal frameworks which are essential in regulating forest resources.  More research should be carried out using GIS and Remote Sensing on deforestation is recommendable.
